The purpose of this paper is to present and discuss a range of in-situ and laboratory methods can be used to measure the morphological characteristics of porous materials. In the case of foams and granular media used for noise control applications, the most common of these characteristics are pore size and its distribution, porosity, and pore connectivity. In the case of fibrous media, the most useful non-acoustical characteristics are the fibre size and packing density. In the case of outdoor surfaces such as gravel, sandy soils, and agricultural land, which can be partly saturated with water, it is of direct interest to measure the degree of water saturation hydraulic permeability and pore size gradient. In the case of materials with good physiochemical properties, it is of interest to determine their internal pore surface area, porosity, and pore size scales. In this paper, the existing and newly emerging acoustic characterisation methods are discussed in terms of their complexity, accuracy, and sample requirements. The application of these methods relate to traditional needs to measure and predict the in-situ performance of noise control elements and outdoor surfaces, to ensure the quality control during material manufacturing process and to be able to measure non-invasively the micro-and nano-structure of porous media which is used in catalytic filters, electric capacitors and for gas storage. Parts of this paper were presented at the 22nd International Congress on Sound and Vibration in Florence.
INTRODUCTION
Traditionally, models for the acoustical properties of porous media have been developed and applied directly to predict sound propagation in porous rocks (geophysics, seismology, and exploration 1, 2 ), sound propagation in the presence of underwater sediments (underwater acoustics, geophysic 3 ) and airborne sound propagation in the presence of porous soils (outdoor noise control 4 ). It appears that the most common use of these models have been used to predict the acoustical properties of materials are manufactured for noise control. 5 These materials are reticulated foams, fibrous, and granular media are able to absorb a considerable proportion of the energy in the incident sound wave.
However, in an overwhelming majority of practical engineering problems, the acoustical properties of porous materials are of little or no interest, the relationship between the acoustical properties, pore, and frame morphology are of significant interest. In applications related to energy storage, it is important to measure the porosity and tortuosity of ceramic separators, which control the electrolyte uptake by the porous separator and its ability to conduct an electrical current. In applications related to filtration operations, similar characteristics to be measured routinely to determine the permeability of the membrane in the presence of a flow of fluid. In pharmaceutical applications, it is often of interest to measure the mean particle size and compaction, particle size distribution, and the amount of moisture absorbed by the particle mix. In chemistry and chemical engineering applications, it is important to know the internal pore surface area of materials are used to deliver catalysts to control the chemical reaction and convert noxious substances in chemically inert bonds.
Therefore, the purpose of this paper is to illustrate how mod-els of the acoustical properties of porous media of varying complexity can be used to determine the morphological characteristics of the material frame and pores. The paper is focused on the basic physical relations, which can be used in the parameter inversion process whereby a measurable acoustical property can be directly related to the pore/frame morphology. The paper also explains how to measure the right acoustical properties and use them correctly in the parameter inversion process.
METHODS FOR PARAMETER INVERSION BASED ON ASYMPTOTIC BEHAVIOUR
The main aim of this section is to show how the morphological characteristics of the porous material's frame and pores can be extracted from those acoustical properties of which asymptotic behaviour has a clear physical meaning. The focus will be on rigid-frame porous media, for which the values of the frame density and bulk modulus are considerably greater than that of the filling fluid. This approximation is true in most cases when the material's pores are saturated by a gas. The fluid trapped in these pores is typically presented as a homogeneous, equivalent fluid with complex, frequency dependent characteristic impedance z b (ω), and complex wavenumber k b (ω). Where ω = 2πf is the angular frequency, where f is the frequency in Hertz. The value of the characteristic impedance and the boundary conditions surrounding the porous layer determine the ability of sound waves to penetrate this layer. The value of the complex wavenumber relates to the speed of the sound wave in the porous space and the rate at which it attenuates.
The frequency-dependent behaviour of the characteristic impedance and propagation constant can be predicted theoretically or empirically. Theoretical models tend to treat the
